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(54) OPERATIONAL AMPLIFIER HAVING OFFSET CANCEL FUNCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To quicken the response 
characteristics of an operational amplifier, using 
offset cancel function. 

SOLUTION: An operational amplifier, which generates 
an output voltage which is the same as the input 
voltage at an output terminal (OUT), has a differential 
circuit (10) for comparing the input voltage with the 
output voltage to generate output according to the 
difference thereof, a first and a second output 
transistors (M7, M1 1) controlled by the output from 
the circuit (10) and driving the output terminal (OUT), 
and a offset cancel circuit (1 1) connected to the 
circuit (10) and storing offset amount of the circuit 
(10). During an offset cancel period, when the offset 
amount is stored in the circuit (11), the output 
terminal is driven by the second output transistor 
(M1 1), and during an operational amplifier operating 
period after the offset cancel period, the output 
terminal is driven by the first output transistor (M7). 
Since the output terminal is driven by the transistor (M1 1) in advance during the offset 
cancel period, the time needed for raising potential to a target value during the operational 
amplifier operating period is made shorter. 
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(57)[m&] 

C»^^S] A2j BflEC in) ^mJEE^ai aaasTCOUTMz^JiEl- S^L/— >a>7^^J= 

asivc, A*sa<tHa*®i±<t$^L^<7>M(cjsi:f=tH*$^-r^MiiiHiK(io)t. £s& 

jwrarcfcivc, m2(Daj^h : 7>i>x^(Mii)[Ccfcytii^aa5T^iE!s$ti. ^-tzyMr^-tzju 
mmmo^T^m^mmiz^x, *io>aj*h7>s>x«M7)icj:yuj*ttW*»* 



A*«ffiA<«l&**L*«2<DA*h7l/i?X^0!)KL/-f>(=J;y«il»**L*y— hi, **7^-J 
U)f^B#(cm 1 CD A* H7>^X*tf)<f — Mc^-f — K/<v*3*l*FW>£* 3^ 1 0iil^Dh 
^*>7&£. fflTG£l&l§]%(::&tt&h,, ttGl»©A*h^>S>**<D3f:7^M*l||£G1t 
■T K^F"^>-b;HHlKt. luism 1 © ffl * h^>vX^lcM5"J C:|S:l*<b*if::S&2<Z> tts * h 
^>S?^t**U ^-irvh^r^-fe^Mtctet^r. HutBmiat/m2(Dai^h ; 7>vX^ 

©Ku>r>3&<«yfii**i. s»»2(OHi*h i 7>i?^(=j;ya*4jB^36<E«i$*L f ^hz^k^f- 
■v>-trjw«ra«a>^7>^«if^jttrai=fct^T. friB^ioa^h^^x^icfcyflttiBffi* 

5/**©y— has*. m&mi<DA*h^v**oFisMz&mfflt!n%zL£&ftWL£?z>* 
im&m3im#m.hzi$i\x, msd^T^mwrnmizn^x, mzzmzomjih^v** 

[»#fll4]»3Rg!3l::fclvC. BfTlB7|-^T>^l&^^raiCfctNT. H&fBSfS2<Di±};&H7>i?X* 
<r>?-Y>tfi. mtZmiO&*^>V**07-\-fr*mM2*i. MO, «»U^U»c«tt* 

*«3iEh7>$>X*J&«. KS2©ffi*h^>e?X^0)KH'>t«igi:a>ria(=S(52©ffi*«3SEh^> 
t, *2<Da*h^>i?X5rt»2<Dffi*«aEh^>i?X^a>^XJ±t3^Sl|L<ft*<fe5f=««* 

^>i;x*#*;h.* ? *isit&*i. ffiriB*iai;sB2<DajA«aEh7>i?^<z>3iii«ai$. hug 
»i&tf»2©a*h^>$?x*o>#ifi:i*jB£^ 

$ 2 <Z> A A h^>^X^(D Ku-f > WSSCD^-tes/ hlcft j£ Lfc KU-f > 11316$ Git U 
^Mf^JWIBKcfct^r. aSGttLfcKU-f>«3lE*ffirG*^>h5^-|HlK»=«M&-r*Ci$1# 
toft*** Is— ->3>T>^o 

EAAiEtni*ts^it«u *o*i=j6i:fca**^ja«*ttiaBt. iotgss&is] 
»©aj*i=«feyiM»**t, ai*i»^ffi»i-r*ii5iat;«2©ai*h^>i?^t. ffirGsnsi 
b&i=1£«**l. att*Miii»a)^-byh**cit-r«^-7-fe^h^>-b;ngttt$*L, utr 
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[0001] 

[0002] 

[^3tE(Dft^]MOSh^vX'S'^fiJfflLf=^L/-va>7'l/^li, V-X4flB^^*iilcS^ 
[0003]C^D e fc^^i:M0Sh^>^X^^flJfflLyi:^7>^ > ^Ci3L^-C > S5SM^iftf^lCj:Hl*, 

Sotot, ^^s-r-ii, t±i*aB5^icA*®i±^^^o-€-^m. ±sZ(»*'<T>zf 
it, ftti^iz&ifaZHtzxztenm.onm&mM-fzzttfvz, u&*t,, -eotti^^^ 
AJ]mE.£mcmE.iz-tz>ztt)<T:$z>o o*y. ^T^om^ti^x, xx'mK.t&Jin 

[0004]<!:C^>7J»< 1 ^<DA^h7>vX^(D^— hV-xrelffiEE^KL/^^a^t^lC/^ 
MA^H7>^X^CDKU^r>«3i£7b<l|L^^S-C^^L-r4,, ±iB<7mt£(7) 

A7^*i:gaL-c, i^A^h7>^^oy— Hmaiz^^ma^A^^-r^o o^y, a 

JinE.ttiiJl'mE.tCDmiZsl-y-izyhrf&S.-tZo 

[0005]C<D &vti:l-7-tzvhnE.<D5££.lt, ^T^ZfO^^ttf^LK^o mtf, 1» 

G A* *EE( PSIB U^^U) IzmLX^tilrtUDl-^T^ZfO) UJ * *EE( iXe»lS) # Jfc&S 
^(zfcy, *3FiIIfc©fet?&<DJSiHl::fc<5o t^ot, *s<T>-?<D*Z7-iiyh$mm-fZ>Z.£tf 

ioooe^y^h^mU-T^^T^zftLX, *&mxit, *7-kvh*~*>-)z)\,&»!miz-t 

*«fc«3*-^7>^*»*Lfc 0 ^12^(2000^)4^7a(CdiSiL/=^200 

o- 1 05980#i::fEis$;h,££fcy-efc<5o 

[OOO7]Z0ti^^yc^7>^li. 1^(7)A^lh7>vX^[C, ^H2^h^r^>-fe;HslSS 

7>i>x»t^«3iEast*»it. *<o*z7*vh**>±)\,mb^ f s*zo>—yj<D'f—Hzj-7 

[0008]*-LT, ^-fevh**— S7JWIBI::. lft<DA:fch7>vX*CDy—h£#lc Article 

&«u ^-tz^h^FY^-tz^fflh^^x^cD-^^^-hicA^affi^^^u mjj<D?— k 
[ooo9]^<7)^, tti^affi^^^iz^h^r-v^-b^fflh^vx^o)^— hA^wymu mo 

[ooiolSfc. »J<D^^h^>-b;uiH|g64»aAr««*i-CL^o'WA»i. *:7-feyMr-v> 
[0011] 
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[0012]fin*>, -hSe^LCDtDV-XK^'f/^lHlSS^ii^r-l*, M^amgmi^utf^bLfcc 
[0016] 

imm&&$i-tz>tzisb(D^m±si<Dm&}&m!8.irz>tzifyiz > *mw<Dm lommiz&tiit, 
x*n&£mc&*nm*&±^\z±&^tt*u—i/B>T>z?\zte^x, xttms±tta 

1 8.tfm2<Dthjib^i>K$t, mmmm\Bmzmm£*immmmiBife<D*7-hvbm&tzm. 

tfumzti&*7-bv\** j r>-b)i'mmiztei\x, ms&m2(om^ : 7>i>^iz^mt&iiiti 
m*ifimwkz*i. m&*?*v\***>*j\'mm'&<D*^Tzs7W}ftmmzt$^T, mib»i 
(Dmti ^^i>x*iz&mu&ti^t>mm}£ti&zt£ftmtTrz>o 



iooM]±m<Dm&}&mm-tz>tzibiz, ^nwo^ommzMt, *^u— : >a>r>^ 
i*. ( i ) v— i & s&2<7) a* h^>vx*£, -eo v-xic^M^^mss 

&t>m&zti&m2<D a* h^isz>*$<»F\s'<^[zM'mmz*iz>>f—ht, yt^T^zfmw^ 

*z>*vY-**>ii)[,mw*^vhmzum^xi^m{z, s^oa^b^vx^ic^ytti 

7®ftmmizt$i*x, nio>iaj]b=?^i>7.$it, m®n&i&<tiv%i®ztitzm*>ffiwm 
!±£m&Mti:AJinj±&x&mii-*ii£&ii>\ tomm, &ji^o)nE.rfmmtoizAt>n 

iooi9i±sz<Dmwizt$itz>t$tiL^nMmxit, j-y-bvhz-^-tz^mmxi*. nzote 

i>7s$\z&)&jin.mtfm.mzft, ^T>zfm^mmxit, %2(Dm^^^wn^ 
KMizm, ^v>&*h^isV7,$\z&mjinffibmmzfrz>o ca^ic, j-<<T>ymft 

Mmxm2<D&*h^Z>*$£lF7£feit-fZ>ZtX, *7-*zvb**>-k)l,MfflX<Dni <0ih 
<03z-£m&X£Z>J:?lz-?Z >o 

[oo2o]sic, m&L^nmmxit, m^<Dliits^^^(D^^tm^t0mlzm^0 
tti^mssEK^vx^^, m2<D&ti^>z>K$<DF[s^tnMt<Dmizm2oiiit>m%L^ 
>i>xW£M'tim-tz>*i, % i o> m -h ^>$>7<$tn i <r> m *j m^h^^^o^x 
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J±<t. m2<Dm:fch7>vX$<hm20>ffi*ffi;:fch^^^ 
[0021] 

[0022]M1I*. 5fel^|gLfc^i2^h^rV>4z;U^tg#^(D^7'>^(7)I5]SSElr-fc^o - 
O^T^Zflt, V— XA<^^fcmiSl/^20>A^h7>^X^M3, M4(NM0S)i:, ^ 

©v— xic^$^f-aMh7>i>^M9(NMos)<t, ^■oKu>r>ic^^m^tiy=h 

7>^M1, M2(PM0S)A>^^U>h57— lsll^<!:^^^ibI5]SSlO$W-#"'5>o £t> 
iz, J-s<7>zflt, A^ttEElN^-Hz«$&$4x^m2(DA^h7>^X^M4(7>KH'>IC, 

y-hA<^$^fcUi ^ h7>v^^M7 c pmos) tzmu J-^T^ZrmftttBVtii J] h^>v 

[0023]^CD^7'>^(D»I^rcJ:tili. A2lSJBN0>U^#ii;<3:£<L. H5>vX$M 
4A<<fey»jl«JI8(=«j:y<fey#<OKH'>fll3(E**^U ^-KV20>B{iA<T^y. aJ7jH?> 
vX^M7A<<fcy#iiLTy— KN10>U^JUtJ§<U KNl#Aa«ffilN£*L<fc«&i:. 
>^X$M3, M4(DKU-f>B/W-£feU ^^t^SfC^o A7J«J±IN<7)U^U^T 
h^>vX^M4^J:y^*®5bt^Jc/d:y'>/ e j:ixKU>r>«3S^^L, J— KV2<7)fiti 

#±j&<y. m*h^>i?^M7A««kygfaiai«ji8r=<i:y, «3ftsiiM-iofz<fcyy— knicdu^;u 

#T#y. y-KN1<hA73«J±lNA<^L<^<!:^^lc^ 0 C<Z><fc5lc, ttO>*«TZsf 
(DW)ftX*\Z, ai7]h^>vX^M70KU^>!lS^Nl7!)<A7jmEIN < !:[^C.U/<;ur^^-r'5o 
[0024] L^U H^>^X^M3, M4(D^ttlC/^;/*;b<#3E-r£<!:, KLs<f>S3fEft<-£cL 

[0025]Ml^)lHli^t?l*, 3j-37-b^h^<-ry=tolC ^lStXm2(DA7Jh^>vX^M3, M4 
;HUSS11(*. 1*t0>A*lH7>^X$M3, M4<DW>f— McA2l®ffilN#EPflQ£;fxf;:B#(Z>KU 

>«aE<z)^-b^ h^sBis-r m& m-t %>o 

[0026]EP*>, 1-?-*ZVb*-*>-te)\'W\r£lX', X-fy^SNA^^^lCSWI^McLT, 1 $KZ> 
A73h^>i?X^M3, M4(DM^ — HcA;£lliII±IN£EPAn"^"<2>C<i:"U 1 H?>vX£M3, M4(D 
#tt/^4rfcJ:^m^KV'f'>B3S£^J3)c$-a-, -7JT*. *U>h57-IHS&M1 , M2IZH] 

£<, *LT, ^-fe^h4r^>-fe;HHlSSl 1 l*|0>^*C1 ic^-OKU-OWSSt^lHlt^^o 
©^"^TV^llf^JWIHI-CIi, X-T^SW2£3j->|=SW1 fcjf-^lzLT. »1 (DATJh^vX* 
M3©y — HCfcfcS *J h7>i^X^M7 0> KU-O^-f — K/ ^"fey Mr-V>Hz 1 

vX*M3, M4li, MV— hA<Hi:Aa«mNl::&ofc:RJ»-e£5tU KU-f>N1 (CliATJ® 

[0027]Mll-^^^^-b^h^-V>-b;HHlSSl 1 1*, *:7HzyH=«fc5KU-r>S3iE£fS1S-*- 
5[ElS&0lJT*fcy. 1x*0A73K^>vX^M3, M4ICM9IJIC, ni*XS%Z<»*7 

-b^h4r-V>-tr;Ufflh7>^X^M5, M6(NMOS)«fc, f©V- XfZ^^^fcaMh^>i?X 

£M8( nmos) i:, ^ 1 <7>:^-tr;/Mr-v>-te;uffl h^>i/X^M5(D<r— hlcftUt$*ifc*7-b!y 
h^-V>-fe;UfflS*C1<i:^igltf>^o 3O(0m3i£»7>vX$M8, M9, M 1 0O^— hlC 

[oo28]M2i*. Hio>*'«7'>3f<Daf^aK^H-c*y. aiz&-r^*iiJ£^ff^^0ij«)^7'> 
rat. B#»jt2j2iB©^7'>^»f^)«rat**-r*o 

[0029]^Hz*>h^-V>i2;^rarM*, X^^SW1(D#S(Cj:ymiSt/m2(DA7Jh7> 
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[0030]Htj^<D<l:fcy, A2jH7>vX*M3, M4(Zli, ?—b % J— XFb1SJ±- 

Z>t, rnKDh^vX^MSOKU-OttSSlCOISdA^ m2(Dh^>vX*M4C*UC<fcy*#<& 
[0031]-^, A2)H7>S;X*M3, M4|CMJ"JlC^$^f=^-tZ'>h^>-tr;UfflH : 7>^ 
M3<7)4#t£_t. y— KV1, V2(^3fE^«;MlillU^^r^^'r^oin*>, 

tti^h^^X^MTAN^X-f ^SW3^^LT^^^h^rV>-b;Uffl#4C1 A<3tSB$^, A 

r*i*, y— FNAtfAtinmufrttttvbnKAvtci+THtzmizmizmmzixT, torn 

<5 0 ctf>B#, A^h7>vx^M3, M4(7)V-hfci±, I^CA^BIBNtfRiflQ^fcttSlcfco 
-CUT. ^•fe^h^F^>-b;HHl^ll(cl± > ■e*tf=jBH-r*^-b^hKU^>*aEA<IBtt$*i 

[0032]&fc, X-f^SW4^^tNT*J<C<i:ICj:y i /— b'MO)Mffi&&<-?Z>Cti!i<V$, *7 
■tr;/Mp*:/-fe;i>fflMci <Z>a5*£JEB*IH|-efTi\ &tifmv ! £j£#;mizm-fZ>z:trfX*£Zo 
[oo33];^jc. B#^ijt2J^i^(7)7l-^7'>^ > lbf^^F B ^-ei*, x-r^sw3A<^j^y, mia)7t-^ 

tz, X^vTSmtiM"?, SW2A<^">l^y, mia>A^h^>i?X^M3(D>r— Hcl*ai^Jh7> 
M7lCj:ytil^3S^-OUT7!)<iE»|$ti^o C^titi^Sas^^iElllli. OUTKD^T^^ 

[0°034]^7>^ill^FBlTM*, 5*-^^h^V>-fe;Ufflh7>^X^M5, M6fCli, *f— V\Z 
MCI (D5Ett«i±«i:A^a:£ElNA<Ep»Q^ f ^-b^h^"V>-b;u)WIHItigi:KU-r>«3K36< 
3SE*l*o fito-C. miai/^2(7)A73h : 7>vX^M3, M4*,, *:7Hr;yh**:/-fe;Uj«IH]a>l5li: 

f^)«rai:Hi:Se^ttJBA<ll«*tt«5o-€-a>*g*. ttrth7>^X*M7CDKl^r>Nllc[*, A*J 
WffilNt* LU«ffi#£j££;K, ffi;M^<7>«J±0UT1 l*A^«J±IN<tl?L<^or^^f 

[0°035]m_hO)J:7(^ lx*0)A^h^>vX^M3, M4lzM?iJlc;f ^yh^r^-teJUfflh^ 
^M5, M6£J£MU -?-<7)h^>^X^M5CD>f— hlC^H2^h^>-b;Uffl(7)MC1$ 
»«Lfc*jSlca3t^r. ^^h^^-fe^^fBlTI^OA^h^vX^MS. M4<D>f— h 
#3|Ll^®£MC1ICfeii£t»-, *^7lsZfMftnmX*lt, 1^0A*h7>v^M3, M 
4<D¥— h#*U*tt»$#ra*1*£ 0 *tilzM, b?>i>K$0)ttte.'<?y*lz&Z>st7-by 

ioo36imiiz7jkLtz*7tvb**>^)\,®m&Lftiz*j, *z>^vb**^)\,wm*mM-Q£ 
%iB\m<m*%x.h>Hz>o mx\t, ^-z7^b^^jumm^izm±Ltztatitxtst(Dm 
a>*?-feyhmi±£iBiiLT, *^7>ztmwmm\zm\x, ^-cDi5iiL/i^-b^h«j±^tii 

£y, mzizTjkLtzMv, ftt>%5=FouT<Dmmtf?7t>tiz>mz, ■t^vb^^^maM- 
m\ztzz><»x\ A^mmwxtK^itLtzm^^it, aja^ouT#A*im/EiN£T*iB» 
^Tir^0iz^mM^)i-^t^ommt}<^o^(D^otdimmit. lcd^v-xk^a 
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[0038]M3I*. *ll«5^^WJlCfcNt^7-fe^h^>-fe^tl^#(0^-^7>^<7>lslSS 
S-efe^o 1^ 1 <D^7>^IC^LT, fS2(Dtti:toh^>vX$M11(PMOS) 

tm20\Hti n%LMb-^i>*$m 2( PMOS) ttf, miCOtihS^D h^>vX^M7 1 0iU Jl W. 

[0039]&fc, ^vfSWHIi, mTLltCMOS^vTtfmmZtl&oCMOS^y^lt, P^ 1 

«Hi#f=«fey f—btfimmzti&o t^r, x-r^swi.3i*Rii:*j«ni^icj:yiM»**i. x-f 

^SW2.4tt**iiifi««>W«l«#lzJ:y«l»**i«. 

OUTtr^^tlTt^o ^3CD/i-^7 7 >^ , -e(i. A^ttJElN^LU^UfribHU^UlC^bLf;: 
B#, *37^yh*^>^;U#!r(J1tlH:2(::*J(^-C ^-T^SWU^^. X^^5 1 SW2,4A<^lC/ e i: 

y— KN1(D«JE(c<i:y^— v^4x^ 0 M2lc^4x-g><i:fcy. /— KNKDU^K*. LU^Ufr 
£> A2j B JE lNlc^-7-tr»y h^JE A v^n^.fcb^<;u*-e_h#-r <5 0 

[0041]C<7)^-b^hJF-V>-fe;U^P B 1t1-t2(ZfclNT:, aa«S^OUTa>ftfirgSfij&<. ^20* 

*K^>^x5»MiKzj:yffiM**L. mzo>-^mmv7jk-rtm, tfj^^oumA^ttsiN 

■J, X^^SW2,4^>i:^y, miOai^lh^^X^MV^KU-ONlA^til^aflS^OUTIC^ 
[0043]±fB<Dm2<Dai:fch7>^X$M11(7)j^ 

[0044]^3(7>^7>3f|CfcL^, ^1 CDai^h^^X^OhV-C/NI t^i/KfB3SGND 

m 1 a) an ts b^>*>x$M7t m * t&ih7>^Mi ot<r> b^v^+y^xmz j=y 

[0°045]^-tz^K^V>-tr^^r B 1^<7)^SJKSli. C<Z>m 1 COffi^D h7>v^M7if 1 (7) fcB 
7> vX^M 1 1 irM 2<D Hi *) h7>vX^M 1 2£ 0> v>X*-tMX m 1 0 Hi 73 

[oo46]^(c, h^^xs+MXit^cic-r^ct-e ^-b^h^^>-iz^^r B ir*m2<7)ttj 
sajaflB^wfiu^utf. ft^w^A^u^^iNt^c-^fefiifisr^ci^^^^o 

[00471M4I*. m20||jSSCDff$S^i»CfcIt^^7>^ , (DI51SS|llT*fe^o C<D^-^7>^Ie1 
S&fi, ^2(7)tii^lh7>vX^M11(7>'7 $ — hlC^-r^h7>vX^M13,M14(^[CPM0S)A<^lf 
^ft, J|(C, m2<Ddi7DB^h^>vX^M12<D^— hlCX^^h^vX^MIS.MieC^fZ 
NMOS)#l£lt<=>;h/Cl^o ^LT. C;fc&<&;^J'^h7>S'**M12,M14 I M15,M16(* I flJ^Hl 
^CONi^^/^— ^INV1,2,3fCj:^^CDS$E*J^fi^^«fcy^-?*t*J^^^o tHUMO) 
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[0048]M4fl)^T>^[H]i^r*li, :*3Hzyh*AC/^U&P B m7BS[C, m20>t±j^H7>V 
X*M1 1 &t/m2fl> tits * *3lE»h^> vX*M1 1 0) Hi 2) K7>vX*M7i:iS 1©Ul^ H3S 
3Sh7>i>x$wiioj^&«y«6*-£#l::, *<D¥— H£«3£VDD&tfy^>KGNDlz}g^LT, 

ioo4r9i^o)&?iz-?z>ztv, Tty^y^^-izj^mmx^m^mizu^xi^tz, mkieis&i 
&mmizi$i*x*,m.ft-fz>ztti<v&z> 0 

[oosolcfcy^L^ibftlCcMxtf. *Z7*yh**^j\,m£lfrtt*7>zfW}Wm$lz&z> 

y, ^Hz^h4r-v>-t;u»r B i<D^^^ST^iHiii&^^$n#L^*, *s<T>zrmftMmiz 
[005HM5I*. m30nm<Dtemmizt$ii-z>*'iT>zfo)iBi&mx*foz>o z.m^t^x 

[oo52]in3, 40^7>^xit, mti^mmmoiatih^^^Mi.mMt, %2.<f>xk 

\~7>Z>7,$M4<DFls>C>nKV2lZ&i)^<Dmmmttt)<mm£tlZ>o IP*,, KU-f >«J±V2# 
Ttftltf. iH^h7>^X^M7,M11^<fcy«jlL-ClE»ltg^^<^y, /— KN1*»ffl*«8* 

j:y^s®(^yiEKitg^^ig<^o 

ffi^?i^±if-5Bti*, ^^m^mssfflh^vvx^Mio.MiaoiEiiiKi^jcjcy, gi^±ifKi 

^M10,M12O-^|gi!i^^lzJ:y?|#Tlf^tL^O^r*fcy. mSt&3l£Tlfi&m~li&££: 

C0054]^-C-e, M5(D^T>^I*. ffi^I«^MJ^PlElSSl2$ig(tr, KU-0«J±V2<!: 
|ilffi(7)mi±(C^y— KN5T*ffi^BMh7>vX^M10,M12(^)y-h^iEl!l-r^o BP*>, ft* 

*f 0> h^>S/X£M24,M23 ( PMOS) ^ <D V—^tMMVDDO ffl <D M^LM H7>i*X$M29 
(PMOS)i:, *U>h5^— IelSSM2l I M22(NMOS)<i:-el : SfiJc$^o o^y. ffi*®jjf£«J®]|I]S& 
12li, 1^<DA^h^>^X^M3,M4<!:*U>h57— 0KM1,M2<i:®;«M9^f,M^i!)|H]S& 
iStt^llJ&JcSroTl^o -tLT. y— KN5(Dm<ili. /— KV20)B<i<i:P*Blc£:o-CL^o 
[0055]ftoT. hV^>fflJEV2*<T7!><ora^h^>vX^M7,M11(Z)IEi!)tg^l^±lf'5J:5 
(^J^P^^B#li, $)J^[5]SSl2T*li, h : 7>vX^M23^y^®^^f^y. H7>vX$M24 
Tb^yi^M^SlC^y, J— FMdOm&^Ttf&o **UZ&1\ NMOS(Dtll^tt/«h7>^ 
X*M1 0.M1 2(OmWimti l*i£TU S—FumVmtl3w : F0UT<Dl7j\,7y7W}ft0)fc®te.t)< 

[0056]-^, KU-<>ffiJ±V2^±^oTai^lh7>^X^M7,M11(0il»ltg*$Tlf^J:5JC 

*j»^B#ii. *j^piaissi2-ciiy— KN5tf>m<a*»±#y, mi3m%Lm\* = 7^*$Mw,m2 
[oo57]-eur, h7>^^M3, M4(7)M»iHiss^^^sici£^iNr I Ku-r>mJEvi,v2 

tf^ClCfcMx!:. *J^lHJ1^12rt(D^llh7>vX^M23,M240M»j|Hli§&^^^Sl^d:§ o 
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[00S8lZ<D£olZ, m^l*3il/»J^P[HlS&12fZj:y, &tfm2CDffi7JS3SH7>^X$ 
M10, M12<D#iItf®#, mi&tXm2Om^h7>^^0)S®^S<!:iS^lSllC-$r-<^-5^>7 

»c$ij^^^cir*. *s<7>zf<Dm&m}ft&Bimizi-z> 0 

[oo59]M6i*. ^(DnMotimmiztei+tt^T^zfom&mx'foZo ca>^7>zfit, 

^•Jiztt&o 

[0060]M6<Z>:t^7>:?l::fcl^-C*,, 1 ftC0A7Jh^>vX$M3Jv14(PM0S)£W?'5Ml!][H] 

( NMOS) TkX$% 1 CD iH ttm^LM h^>^^^M 1 0( PMOS) 7^ t>fc<&gi 1 CD til tl&t, %2.<D\£ 
7J H7>i*X$M 1 1 ( NMOS) mS^2.(D IdbS 7J «3SEaSlh^>^$»M 1 2( NMOS) ^P>fca&2CD 

m^ig^wr^o^o-c, ai^H^>vx^M7,Miuccfcy. KNi^ffiTj^oura^u^ 
[0061 ]M2i*. msonmmmmizt$ii-z>*'<7>zfo)®mmx&z> 0 cot^7>^i*. 

TB;J5VDD<h^>KGND££A*Ll£;*., #h^>vX^(7>Mtt^fC-r§C<!:T?, B 703^7' 

[oo62]^or, zomzoi-^T^zfxit, vmiB^coNiz&y , i-y-tzvhS-^-tjbMmx 
li, x^^h^>vx£Mi3,Mi5#;l->, h^^zm^metfJ-yizftmzti, ^-fevMr 

■>r>-\z)\sWm\(DlfeT#flZ, X-fy5 l h ; 7>i'X$M13,M15#;>|-:7, h^>vX^M14,M16^>|C 

mWZtiX, m20&t^fS^<D^>V*$m^Ml2mrft&ftM^ztj;% 0 *Hlz&l), 

[oo63]M8i*, meomm<D%mmiztei-tz>i-'<T>zf(DiBimmx$>z> 0 ccd^t^i*. 
m5o>*^7>zf&±TttmzLtziB\&xfov, ttitTZh^is^-v^vTizitmc^m 
#-s§-£-£jL-ci^ 0 ms(»*'<7^zftttm-fz>tmf8x£&£tev, msni-^T^zfizts^ 

XnMVDDt<f?>FGNDt&A*imZ-, %th=?^*s7.$(Dm'&&mz-tZ>^£X, HI8(D^T 
>^fc^ 0 gp*>, ^»ilElS&lOfc^^K^-v>^Hs]iE&ll$iSlt, MKffl7jm»»P[E] 

[0064]&±CDllJifcCDff£IMT*f£, KU-r>ffi3St<D^-tr^h^IB1S-r^7-tr^h^>-lr;U 

@£&i ^tth*^T^ztzm[z\^xmw*mwi.tztf, *mwitfrfrz>*z>-t>vb*^-b 
^mtzm-ttt^r^yizti^x, ^y&yh^^jisMmwzmx^zmm-rzmzo 
[oo65]jii±, nmmmmtttisb&t&LTCDttmomvx&Ze 

[0066] ( #13 1 ) A7J MEEt HrlCfcii 7J «J±$m 73^1=^^^^— '>3>7'>^ , (Cfc(,N 
T, V— X^mM$ti7tmiSl/m2(7>A7Jh J 7>vX^«i:, ^^V— Xlc^^f-W^i:, 
miat;m2<7)A*h^>vX^OKH'Xc}tl^^/'=*U>h^— (Hli^^W^MKIelSS 
<t. A^aJ±^*&^^m20)A7Jh^>^X^(DKU^>lc^y*J^^^^-h«t. ^7 
>^Kf^B#(cmi CDATJh^i^cD^— H:7-f-K/^*i-BKU^t**t4*l CD 
tbJlb^VKZt, fflriB2I&ls]&(cJ£tig$;fi l MIS1^CDA7Jh^>vX^cD^-fe^h^^^ 
Ettf W7-tz^h^>-tr;UlHlSS<i:, hu lEm 1 CDttS^D b^vX^lcM^J KIS:l+£>;h.f;:m2<D 
ttlTJh^vX^t^L, ^^^h^^^U^KfclvC, HuSBmiRi;m2CDai^h^> 
i^xScDKU^TWJgi^. ^Km2CDai73h7>^X^[c < i:ym7jaM : f L ^IEl?i^, ^-b 

vh^^-tfrMm'ikni-^-r^zrmftmmizte^x, Mssmi cDffiTjh^vx^ic^ygria 

[0067](ttfB2)ttiSll::fclvC, MIB>l-^-b^h^>-tz;u^^^fcC^-C, iftlB!&2<D ai 7] h 
^>S?X*(D>f-h;&< jttJiSmi COATJh^^X^cDKU^lc^y^J^tL^C^^ir-r 
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5Stt«»»c&y . ntjiem i <d ft -h v**iz <fcy Htriem 

[0070] ( ttfB5) ttfB 1 icfct^. HtFlBm 1 (DttS^l h7>^X^0) KU-f ><h«;1«t:<DrBll-m 1 

^i>xwtti^iim&^H, mi oft-hv^v^t.^ <Dfttim»^>i>^(ov-^x 
\tt, m2<Dfttj^>^^tm20ftt}m»^>^^(D^xtttt)mL<^^oizm 

[oo7i](^iB6)^iBiicfciNT. lEic m&^oft-hh^vxzwxs^tnmtom 

lcmi<7>aj^l«3iSh7>vX^A< m2(Dai*h^>vX^<0KL/^>«!:®^<!:a)r H 1lcm2CDtii^ 
«3Sh7>vX^A<-e^4x|g(-te>H, HlIlBmia^2(7>t±J^«35Eh7>i>X'S'CD#®^S 

[0072](^IH7)#|BlfCfcLN-C, ^TMzyMr^^U&PiilKfc^T. HUlEm 1 ^20) A 

^lh7>^X^(DM>f— hlcA^ma^EP^P^ti, MIH^-tr^h^>-tr;Hs]SSl*, Miami 
;&tfm2<7>A*lh7>^X*<DKU^>«/:ft0:f^^ 

[oo73](#iB8)#iBKcfctN-c, mu*z>-bvh*^-b)i>mmz, mm^x.xs%2.o\ti 

(DA*h7>^^0S5y- McA*J®/±rt<EPJ]n£*l, BlllBm2(D^H2^h4r-V>-fe;Ufflh ; 7 

MfB^^h^>4r^fflM7b^m^rmiS^m2(7>A^h7>^X^<DhV^>B3S 
0 tB 2l h7>vX^O KU-f Sg 1 0 A73 h : j>V7.$(D?—Hzj£Wi£tiZ>t# : lz$Z 1 (D* 

[0074](#IB9)A7]*m«hI^i:ai^mJ±^*^4BS^|C^i$^^U— *>3>7>^C:fcl^ 

»0K<3!)ai*I=«fey««J«i**i. ai7:Ji : ?-^IIElfi^miSi;m2(Dt±l^h^>i?X^<t, mibm 
U iim*:7^h*Y>^ju@!&i::<fcyiiiriB^^ 

ra(=33L^-C. HlIIBm2<Dm7Dh^>^X^lC < fcyHlIIBl±J7jaffi^ig»l^, HfllB^-tri/MP-V 

^-tfrmmikOyt^Tiszfmftmmiz&^x, muni oftXh^ztKWz&imsZftJism 

[oo75](^iBio)^tB9jcfci^, mm^T^zfm^mmiz^x, mt&^ofttsb^ 
^x^jc^-r^MiB^is \b\&o) ft -h \z&z>ymmft ttn ±-*%zt%ftwi trs-j-^u— «>a 

[0076](ttfBl 1)ttfBl7b^1 1(DlN-r^(ClBK^fc^L/— >3>T>3f^1tiftWU 
[0077] 

3l2(Dffi:fih7>vX$£l£(tfc<D-e, A* i m5.<Dmitlzfc&-rz>ftji i mE.<Dfc ; g&&^& 
itTZZttfXZZo 
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